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Hydrodesulfurization (HDS) is currently the mostmonon method used by refineries; this removes
significantly sulfur compounds from petroleum fiaas, however, is not highly effective for removing
thiophenes compounds such as benzothiophene, aretages high costs for the oil industry. Another
factor, are the environmental laws, which over flears has become increasingly strict, especially
regarding the sulfur content. This compound causal¢culable damage both to the industry and to the
environment. Therefore new methods for petroleursutiigrization should be studied in order to
minimize the impacts that these compounds caudelipresent study it was used ionizing radiation
promising method of advanced oxidation in reducstdfur compounds. The analysis were performed
after purge and trap concentration of samplidlowed by gas chromatography-mass spectrometry
(GC-MS). Then benzothiophene samples with the ssoneentration from 27 mgito 139 mg.r* were
irradiated with different absorbed doses of radiatianging from 1 kGy to 20 kGy in gamma irradiator
Cobalt-60, Gammacell. These samples were analyyethé same procedure used for the calibration
curve, and the removals of benzothiophene afteiziiogy radiation treatment were calculated. It was
observed that at higher doses there was a greatgadhtion of this compound and the formation of
fragments, such as 1,2-dimethylbenzene and tolweinieh may be removed by simple processes.
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1. Introduction

Sulfur compounds are present in almost all fracbbpetroleum, and are undesirable
compounds. The problem generate by sulfur compouads related with its
concentration that affect the quality of the fiabducts and the price. At refinery,
cause corrosion of metals part, catalyst poisoringt with process to extract it from
crude oil and products. There is also environmgntablem, like acid rain, caused by
oxidation of sulfur compounds to $ONowadays the stringent environmental laws to
decrease sulfur concentration in petroleum andvagves have contributed to the
search for technologies of treatment (Malvesti, 00

Hydrodesulfurization, HDS, is one of the currentiyethods used by petroleum
industries to reduce the content of sulfur, it rggwsignificantly the sulfur compounds,
but it demands high loads of energy, since it'sessary high temperatures, around 300-
430°C, and high pressure reaching 2x28. In addition the high hydrogen consumption
and the expensive catalysts are disadvantage® gfrtitess. Furthermore HDS process
is efficient on removal of thiol, sulfide and difidé, but it is not effective on removal
of thiophene compounds. By these reasons, studies heen carried out applying



ionizing radiation as advanced oxidation proces®mooval sulfur compounds, that has
shown to be a promising methdde¢nandeZzVialdonado et al, 2005; Qu, 2007).

Some researchers have demonstrated that the ced@atcess can reduces the quantity
of mercaptans, disulfides and sulfides from theviteail products. Sulfoxides and
sulfones are generated as a result of the maletrainsformation caused by oxidation
induced by radiation. In other studies, electromnbeassociated with ozone reduces
sulfur content in a heavy oil sample and the formgdfones, which were removed after
by simple process (National Energy Technology Latmy, 2006; Zaykin, 2007,
Zaykina, 2004).

The use of radiation ionization to reduce sulfunteat in petroleum is not completely
consolidate, therefore the present work aims tdrinne to the development of this
technology, studying the radiation interaction wibenzothiophene, BT, which is
present in three of the most important transpamsatifuels, that are gasoline, diesel and
aviation kerosene, furthermore BT is one of théusidompounds that aren’t efficiently
removed from fuels by HDS process.

2. EXPERIMENTAL
2.1 Materials

The commercial reagent used in this investigatias \BT, from Merck Inc. It was
prepared a standard solution with 1391.6 rigr.methanol. From this standard it was
prepared a 50 mL of work solution diluted in dlstiéd water. By the dilution of this
solution it was prepared calibration curve and damfor irradiation, which the highest
concentration was 139.2 mgl.L

2.2 Radiation Processing

The gamma irradiation was carried out at room teatpee using a Cobalt-60 gamma
irradiator, Gammacell type, at dose rate k@&/h. All the irradiations were performed

in a batch system and the delivered doses were , 1X&gy, 3 kGy, 4 kGy, 5 kGy, 10
kGy, 15 kGy and 20 kGyThe Dosimetry Research Group calibrates this system
routinely with Fricke dosimeter to determine thes@ibed dose rate. The 20 mL vials
were completely filled without headspace in triptie.

2.3 Chemical Analysis

After irradiation the BT content in the samples avanalyzed using an O.l Analytica
4560 Purge and Trap Sample Concentrator to sepamdteoncentrated volatile organic
compounds, VOC, from water. The sample (5ml) ixgdhin a closed chamber and a
purge gas (helium) passes through the sample,icgrtye VOC to the trap, where they
are retained by the sorbents. By the end of thgguhe trap is heated in order to
desorbs the compounds that are then injected ¢mogas chromatography column
coupled with mass spectroscopy from Shimadzu GCOQWS000. The samples were



injected onto a fused silica capillary column (3&km0.25 mm i.d., film thickness 0.25

pm) coated with DB-5. Helium was the gas carriea aonstant velocity of 42 cm/s.

The temperature program was started at 30°C praogeahto100°C at 10°C/min and

then programmed to 300°C at 15°C/min. The masstrepeeter was operated in the

electron impact mode at 70KPa. The injector andriate temperatures were held at
250 and 230°C, respectively.

3. RESULTS AND DISCUSSION

In Figure 1 is presented the calibration curve @f @luted in water. The calibration
curve was obtained with a regression coefficient 009944, and the obtained
experimental variability (N=10), expressed as staddleviation, was 10% .

140 -
120 -
100 -
80 -

60 -

Peak Area x 10000000

40 - &
f y = 8E+06x + 2E+08
20 1 R?=0.9676

0.0 20.0 40.0 60.0 80.0 100.0 120.0
Concentration (mg.L?)

Figl. Benzothiophene calibration curve obtaineM&GC after purge and trap concentration

After irradiation the samples were analyzed to gfathe BT, and the removals in
function of absorbed dose were calculated. In Edlis presented the graphic of BT
removal (%) in function of the absorbed doses (kG¥)e efficiency of this oxidation
process is related with the increase of radiatioged(Fig. 2). The results show that
almost the totality of BT was removed with 20kGy.
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Fig.2 Benzothiophene removal efficiency differeadiation doses

It was also observed the formation of some othagrfrents such as benzothiophan,
thiophen, toluene and dimethylbenzene. The sulexidnd sulfone groups were not
identified by GC/MS method.

3.1 Methanol effect

Another assay with benzothiophene diluted in watas made with the addition of
methanol 20%, 40%, and 60% were irradiated witly,kL0 kGy, 15 kGy and 20 kGy.
The results of removal of BT in function of absatl#ose are presented in Figure 3.
With the addition of 60% of methanol and dose of BBy the removal is not
significant, that maybe happens because the radpraduced by the water radiolysis
react preferentially with the OH of the methanoldiming it, but with the addition of
20 % of methanol the removal is efficient.
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The presence of water directly affects the efficieof the irradiation process; it is
known that water suffers decomposition into of log®n atoms and hydroxyl radicals
with radiation, which are illustrated in Egs. (1-#)ese radicals react with BT. The
possible mechanism for BT oxidation were proposedodows Eq.(3), also from de
literatures it is believed that BT oxidizes to suwifle and sulfone groups (Duarte,1999;
Qu, Z., 2007)

H,O —> H, OH, H,, H,0O, (2)
20H, —> H0,+ 0O, (2)
05,0
A O 'OH: 7 ““|~|
S il 3)

4. CONCLUSION

There was a high efficiency on the removal of bémbphene compound,
demonstrating that it is possible to use ioniziagdiation as an oxidative process, which
can be associated with the HDS process, aggreghéngfits, due to cost reduction.
The products generated can be removed by simpleegpses well known by the
petroleum industries.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the financigpsrt of CAPES.



REFERENCES

MALVESTI, A. L.; SCHERER, M. R.P.; PENHA, F. G.; RGSHER, S.BC Estudo da
adsorcdo de compostos sulfurados empregando zeddit@ontendo zinco.Quim.
Nova, Sé&o Paulo, v.32, n.6, 2009

DUARTE, C. L.Aplicagédo do processo avancado de oxidacdo pordfelg elétrons na
degradacdo de compostos organicos presentes energfts industriais 1999. 168 f.
Tese (Doutorado em Ciéncia na Area de Tecnologidddn Aplicagdes) — Instituto de
Pesquisas Energetica e Nucleares, Universidadéaa®&ulo, Sdo Paulo. 1999

HERNANDEZ-MALDONADO, ARTURO J.; YANG, FRANCES H.1;Ql,
GONGSHIN; YANG, RALPH T. Desulfurization of transportation fuels bysr-
complexation sorbents: Cu(l)-, Ni(ll)-, and Zn(ll)zeolites Applied Catalysis B:
Environmental 56 (2005) 111-126

National Energy Technology Laboratory, 200A. literature Review on Cold Cracking
of Petroleum Crude Oil.Energy Acy of 2005. Section 1406.

QU, Z.; YAN N.; JIA, J.; WU, D.Removal of dibenzothiophene from simulated
petroleum by integrated g-irradiation and Zr/alumancatalyst Applied Catalysis B:
Environmental 71 (2007) 108-115.

ZAYKINA, R. F.; ZAYK 1IN, Y. A; YAGUDIN, S. G.; FAHRUDDINOV, I. M.
Specific approaches to radiation processing of higtlfuric oil. Radiation Physics and
Chemistry. 71 (2004) 465 — 468.

ZAYKIN, Y. A; ZAYKINA, R. F. New trends in the Radiation Processing of
Petroleum. In: CAMILLERI, A. N. Radiation Physics Researclogress, 2007. p. 14-
104.



